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3,229.098
LIGHT.BEAM MICROPHONE AND METHOD
Gabriel AL Giannini, Indio, and Detbert .. ¥aa rum,
Newport Beach, Cabif., assignors, by mesne assignmects,
to Giannini Scientific Corporation, Long Island, MN.Y.,
a corporation of elaware
Coniinastion of appiication Ser. No. 22.873, Apr. 18
1968, This application Jan. 15, 1963, Se.. No. 252,544
7 Claims. (CL 230—199)

This invention relates to a method and apparatus for
transducing air-borne sound wibrations into electrical
signals through use 5f 1 beam of Tight. The present appli-
cation 1s a continuation of our co-pendineg patent apoiica-
ton Serial No. 22,873, filed April IR, 1950 for a Light-
Beam Mitrophone and Meinod, now abandoned.

An et of the present inveation is 10 provide a
ayicrop! .ne apparatus and methed wherein all equipment
ity be iocated a considerable aisiance from ths sonree
of sound. se that the prablem of excluding a microphoae
: fevision plontee s 2hrunated.
we object is i provide a bght-besm ucronhona
and mthod characierized By a minimom of inferisrence
from sounds other than the one which it is desired 1o
transduce into an elactrical signal.

A further object of the invention is to provide a method
and appuratus for improving the high-frequepcy response
+fa iig!u—b«;:xm microghone.

These and other obiects and advantazes of the inven-
sea will e more fully set forth in the foslowine specifica-
tion-and claims, corsidered in connection with the at-
tached drawings to which thev relate,

fin the drawings:

URE 1 is a schematic plan view illestrating a
7 stage. and shewiry the relatinnship between
vicer and a first form of appaatus embodying
it invention;

SURE 2 s an enlarged orizontal sectional view
of the Huht-ransrritting and lignt-receiving portions of
ihe apmaraius;

FIGURE 3 s a vertica! section taken on the broken
jine 3—3 of FIGURI 23

FIGURE 415 a view, partially in horizontal section and
partially in plan, ilhustrating a second form of apparatus
incorporating the invention;

FIGURE 5 is a fragmentarv end elevation, as viewed
from station 5—8 of FIGURE 4;

FIGURE 6 is a horizontal séctional view illustrating
a third embodiment of the invention; and

FIGURE 7 is a wvertical section taken on the broken
line 77 of FIGURE 6,

Referring first to the embodiment shown in FIGURES
1-3 of the drawings, the apparatus is illustrated o com-
prise a light-beam transmitter reans 10 and a photo-
detector means 1§ so arranged and constructed that
sound waves emanating from a sovnd source 12 are frans-
duced into correspording electrical signurs.  In the present
dlustration, the sound source comprises the vacal cord
and meuih of a perfonrer ona stage in 2 theaier. tha
:  schematically indicated at 13, The electmo
are amplifed wm suiehie cmplifar means 3
than conaucied 1 a loudspesier 1% T s to be unt
; thiel the prosect avperaits and mathod are
adapted for use in relevision, mation pictures, en.

s for technical pirposes such as measuring the se
v.in the exhaust from a rocket zagine.

The tronsmitter meuns 10 and phot . 2tector means
ars isocsed closely adiicent each other in the winge
o side of the stags, and a mirrer 46 3 disposed i
wing al Lhe other side thereof. Thre meons I8 and
are so related to each other and to mirror 1€ that a ligr.
beam 17 projected f[rom transmitier 10 wiil be reilected

well 1

10

35

0

27 in pavallel rays comprising th

2

back 'to photodetector 11 for senerstion of a photo-
electric current therein. At laasl cas o) the incliwnr amd
refiedted portions of the light esm 17 is directed throogn
the air in front of sound scurce 12 and .t substaatially
the same elevation. The heam is accordingiv refracied
correspondingly to the sound wves hecanse of the dif-
ferent densities of the air at different portions there:f,
It Is pointed out that the souny waves amanstine from
source 12 have the form of sect:ions nf spherer, and com-
prise a plurality of ccmpression Fronts (suck o5 13 and 19)
separated by low-pressure regiops ope of whish s {adi-
cated at 2y The compression {raats 18 and 19 (snd
Tow-pressure regions) are spaced subitoiad disteaoas
1

from each other. For exam o {roTre
of a sound wave buaving a Traguenc :
cveies per second are coprourttely
it is within the scope of ths inves =
Qr maee .“UiITOF‘S on the S

aovaand

o oshad LD

means 1 and 1L in conjunsiios with a

hank of mirrors adjacent TG e

thus rejected back and frr w5 LRa n
fial number of tmo

photodatecior 11 v ol

howsvar, that in emboedimerts
is refiscted back ard forie,
light beam should not pass s
~arts of the sound wave. Thus,
1ur the incident porton of b
compression front 18 and
peam to pass through: the front
10 and the detector means 11 ¢
sach other, so that both tho |
b2am portions pass fhrough =
of the wave, It is withia ¢

i oS

redact the beam and i
are so disposed oot the

pass threuch sowad waves ermar

Referripg partizuiarly to ¥i0
irated teansmder
having a powerfol big
porton thereof, for exampe: :
gized through leads 24 o
of electic power. A m E BN
closely adjacent source 23, having o s ra ar open.
ing 27 therein so that a point source of § i simiclated.
The illustrated opening 27 is rouad (F-URE 3), and
should have a small diameter such as a few utousands or
hundredths of an inch. Suvitzbie lons meas 28 are pro-
vided in hody 22 on the oprosiie sid- of mask 26 frem
source 23, being adapted to irapemit hohi fvom openiag
wght pewm 17,

The photodetector means &! arises o highly sensi-
tive device 38 for generating a phoieIgctic current davysz
an amplitude which varics ia zccorlance wi/h the qusn-
tity of light trensmitted therei>  Swled minrs definized
the device 30 is 2 photomuil :
ventional copstrucion. - So
by the Radio Coro
fasme 6 193 ang
in photomuisiplier 3
the amplbfer 14,
ther :

o che ot .
I Hh QPPOTATHS (3

In nerforming he method with the anparaig o
trated in FIGURE3 $-3, the transmitter 1ac s ko 2
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photodetector means 11 are so aligned with mirror 16
that the reflected portion of light beurn 17 will be focused
by lens 34 on opening 38 (in coumplete registry there-
with) when there is no sound emanating from source 12.

When a compression front (such as is numbered 18 in
FIGURF 1) f the sound wave from snurce 12 passes
through the light beam 17, such beam wili be refracizd
slightly due to the diffecent velocities of light in air hav-
ing different densities. When the refracted beam (which
in the itlustrated form is also reflected from the mirror 16)
ig transmitted to the opening 36 in moask 33, it will be
shifted lateraily (horizontally) until it is at least partially
out of registry with such opening. The photoelectric
current generaled by the photomultiplier 39 is reduced
accordingly,

it is to be understood that if the note from source 12
has a high frequency, the compression fronts 18 and 19,
eic,, will be relatisely close together. The hght beam
17 will thus be disturhed relativelv frequently, so that
the resulting photoclecais orent will have a nigher fre-
quency corresponding to that of the sound wava, 1f the
notz from source 12 has a substantinl voluine, the deoree
of refraction will be relatively zreat and tbe auantity of
tight transmitted Lo photomuliipier 30 will be diminished
accordingly.  The amgplitude of the A.C. electrical signal
will thus be incressed.  On the other hand, if the note has
2 low volume. the dezree of retricrion of the light beam
will be relatively smail. and the quantily of light trans-
mitted to the photomuiiipiier will not be reduced by the
same degree as when the note had a strong volume., The
4.C. signal will accordingly have a smalli amplitude.
The device is therefure sensitive to Dot the frequency
and volume of ihe scund wave.

Embsdiment of FIGURES 4 and §

Referring to FIGURES 4 and 5, 2 transmitter means
i8q and photodetector meany 1{g are illustrated which
are adapted 0 trensmit wnd recetve whiat mav be termed
. sheet or band of lignt, as asunzuizhed Trom a convens
somal light beam. Troasmuder id¢ comprises a por-
sion 37 contain'ng a hght source and a mask correspond-
ing exactly (as to size, sonstructicn and location) 1o ele-
ments 23 and 26 shows in FIGURE 2. The forward por-
ion 38 of transmitter 19 has a diameter many times that
of the portion 37, and contaips a large diameter lens 39
and a second mask 41 disposed in advance of such lens,

Mask 41 has a slit 42 therein, such slit being on the
order of several inches or several feet in height but having
a width of only a few hundredths or tertis of an inch,
Thus, instead of the conventional beam transmitted from
source 10 of the previous embodiment, the light leaves
the transmitter 184 in the form of a sheet or band which
is thin but may be several feet in height. Such sheet or
band is much more thin than the beam from element 10
of the first embodiment.

Since the width of the slit 42 is very small, and sirce
the distance between each compression and the adjacent
rarefaction of even a two thousand cycle note is on the
order of inches, it will me apnarent that the light beam has
a dimension transverse to the direction of heam propaga-
tion which i3 small ‘n ¢omparison to the distance between
sach compresson and rarefaction. Furthermore, as wil
e set forth belew. the beam 1S in such reiationship to
the sound waves tiag tae small dimeasion of the beam is
generally in line with the durection of sonnd sropagation.

The photcdetector means {ie comprises a iens 43 cor-
responding exactly to lens 3% and adapted o concentrate
the light beam outo an openiny in @ mask (unshown)
Jisposed in a small-diameter partion 44-0f ine getector.
Partion 44 -2150 contalns a paotomuitplicr corresponding
{e photom:tipier 30 of the previous embodiment.  The
opening in the mask (unshown) in portwa 44 has such
a size and shape (hat refraction of the iight band or
beam, as a resuit of pessoge of sound waves tnerethrough

o~
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multiplier. Thus, assuming that
detector portios 44 i3 the same
portion 37, such opening may be a vertical siit having a
height correspondding to the di 2r of opening 27, and
a width just great enough to receive the entire concentrated
beam when no sound is emanaong frem wource 2. The
distance fforn the transmitter and ceteetor I8 and 11 to
miiror 16 may be reduced unud only the strongest sound
waves cause the concentrated o to defect until no
part thercof reaches the phulomuilipher,

In performing the method with the apparntus of FIG-
URES 4 and 5, the iizht-beam fransmitter [0a it so
oriented that the slit 4% 2nd the sheet or hand of light
transmitted therefrom nrs generaily nerpendicular to the
major axis of propagation of ihe compression fronts, such
as 18 and 19, emasune {rom sourge 120 {hus, when
the gource 12 is so dimected that the primary sound waves
are projected forwardly hoozontabv yiiiar lda s
so oriented that sif 42 o :
vertical., The ligl bais
cal compression [ronas.

It is within the scor
42 arcuate as disungul
of curvatirve cgrie
proximateiv ths same

the mask location in
as that in transmitter

A, wih ihe radius
behe bal bas oan-
ach conm-
2 nated
e{sction)
Ye poruon of ae
by perpendicu-
n there{rom.
i froo transmiier
waves aiid is thep re-
33, Lens 43 of such
st at the opening in the
The e {

G

ORIt T
front passing (heie 10w VT,
.ght band adjacen: souroe 12 sl
iar 1o the moos sais 07 wave o

The fizhi band or s :
means 10q is refracied by the
ceived by the phowodetsvior i
neans concentrates the
mask adiacent the
tion therect) the
create ain ALC,
sound waves [rom 3

1 13 an Imporiagsl
that the lighs beam
from source 12, bu
travel in dirsctions
{ior example, verte
ufar thereto, 1t
supprassed.

It is another important featire of
FIGURE 4 that the Figh-lrequensy respous o1 the ap-
paraius is excellent. ~ Becaus: «if the dhioness wf the band
or sheet of light, it is sensiiive to pressure {ronts which
are only a short distance apart, as is the cass with notes
having high frequencies.

1t is to be undersicod ¥hat the means 19a and lig are
arranged, relative to mirror 14 uad seurce 12, identically
to means 10 and 11 of the previons embodiment,

Embodiment of FIGURES 6 and 7

In the embodiment of FIGURES 6 and 7, the trans-
mitter means iftr and photodstestor 1156 are s0 con-
structed and arranged that the resgoase of the photomulit-
plier to the lght beam will be Richly tinzar at ail norny:t
sound volumes, os w2l ogs senititee v2n
sinaiiest amplituds Vi to high :
LEacest as wili be no "
are jusnticnl o
of FIGURES -7, aad bave |
ingiy.

Elament 16b is consirucicd w
squarg opening 47 th
vertical and 1wo sides
is vonsiructed with g mask 4
square gpening ¥ wi b vark

- >y

[l ¥ 29

¢
OAsT

{ aie preseni ambodl
L e seivd
0 soungd eV Wl
el to 12

wikhpd from o

CVaifive

3,

i
¥
t

folivws igglerenic?

.nent of

s sim
1<% ind

sh a mask 46 hav
5 of the sg

e
W

oAb al

wy dhat wis g

of Ui device. w :
mitler 106 1 recewved by the pho.oo-

transmided from tran:

from source 12, varies the signal gescrated in the photo~ 75 detector 11b, it wiil not be reg::;t;r:ed with the square
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opcring 49 but instead will be horizontally offset there-
from as indicated by the nameral 51 in FIGURE 7.

The indicated horizontal offsetting assumes that the ap-
paratus is oriented as shown in FIGURE 1, with the
sound source 12 being directed horizontally and at sub-
stantially the same elevation as the light beam. The de-
" flection caused by refraction of the light beam is thos
horizontal in such manner that there is either a greater
or lesser degree of registry of the light beam 51 with
square opening 49, The result is a curtain or shutter ac-
tion which is highly linear, and in which at least part of
the light beam is always registered with the opening 49.
The linearity results from the fact that a given deflection
always produces a corresponding percentge change in the
area of the beam received by the photomultiplier.

The sizes of the crenings 47 and 49, and the relative
lecations thereef, i made such that the light beam is
acver compieely oul of rpuistry with the opening 49,
regardless of the amuplitude of the sound wave transmitted
from source 12, There is thus a modulation sction at
ail times, and never 4 stop-start action.

Various 2n:oadbnents of the present invention, in addi-
tinn 1o what has besn Hiasiraied and described in detail,
may be emplaved without departing from the scope of the

~umf7°m'm:z clauns.

€3, co: m,.m'ng the steps of generating a
a smatl dlmeasion transverse to the
iz ceam, swid dimension be-
: belween o compression and
et el an aucuy sound wave, nassing
il theouah the eoen wr adjacent a <ource
waves traveling throueh <aid sir. and in
0 said sobnnd waves that said smal
raliv i fme wirh the direction of propa-
graen of sall sonnd waves, directing sa:d beam of light to
1 prnotodetecior means whereby said mesns is coused to
generale pholo-electric current corresposding peneraily
wosad sound waves, and ampiifying the curtent thus
peneraed,

2. The invention as claimed in claim 1, in which said
meihod inciudes the step of selectively masking at least
rortons of sand beam of light prior to impingement there-
of onto said photodetector means whereby variation in
the degree of refraction of said beam caused by said
sound waves effects a variation in the Jegree of masking
thereof to thus vary the response of said photodetector
means.

3. A method of transducing sound waves into electric
current, which compnses the steps of generating a beam
having a width which is a multiplicity of times the thick-
ness ihereof, direciing said beam through the air ad-
jacent a source of sound waves traveling through said
air and in such relatien to said source that said beam is

- substantially tangential to a sphere having its center at

i [

5

said source, and disposing photodetector means in the

path of said beam und so constructed that deflection of

said lbeamn caused by refraction thereof due to said
sound waves varies the response of said photodetector
6 means.

4. A method of Lransducing sound waves into elec-
trical waves, comprising the steps of generating a light
beam, transmittirg said Light beam through the air in
advance of a source of sound vibrations traveling through
said air, dispensing 2 mask w the path of said beam and
having and edge portion which is so constructed and lo-
cated that it is struck by said beam at ail times during
passage of normal sound waves ihmugh said beam, and
disposing photo-detecior means in *he path of the por-
tion of the beam trun . .itted past said edge portion of
said mask,

5. The invention zs c!aime:l in ciaim 4, in which said
method inciudes the wiep of correiating the cross-sec-
tiomal sl.apc, of said peam and «he shape of said eape
20 portion in such manner thaf e Lross-sectional saape

of the poxtmn of saud veart fraasmatted pust said edpe
portion varies linearly in accocdance with said sound vi-
brations.

6. A method of transducing sound waves into electrical
23 waves, which comprmw aeneratny a beam of light, trans-
" mitting said beam of lizni throuih the ampient aimose

phere at a region .xqcsm a2 soupd-wave source which

is disposed in sawl 1aihient aimosohere and which gen-
erates in said almo-. ere soupd waves adapied 1o effect
refraction of said +whi bweam passing therethrough in
said atmosphere, diznoning in the path of said refracted
faht beam g oholadoooe <3 consicucted that de-
tectinn of sad Besw =1 ooy smd refracton thereoy
vaiey the ressogse of : O e ;
33 plisying the output ¢F saud REANS 0 BrOotvade
electrical wases corr o s snund waves,

Thu invention s claimed i claim 8, in which sawl
method further cocprises the s of «hmvw siaid beam
of light in such manner thar, st &t al th2 region which
mmm“«’a against saad photodetan 1oT Means, cakd bearn i
a wide, thin band ke thin dimnzasion of which is Zen-
erally paralle] io thl. direction of propagation of said sound

3

[=]

scietan

AT

ctoseiector

490

waves,
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